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Progress in study on microbial enzymes for the metabolism of
environmental refractory organic compounds

Ke Wu, Renrui Pan, Jingmin Cai, and Bin Liu

Key Laboratory of Applied Enzymology & Engineering, Department of Biological and Environmental Engineering, Hefei University, Hefei 230022,
China

Abstract: With the rapid development of socialization and industrialization, more and more pollutes were produced and discharged
into natural environment. It is harmful to human health and life. These pollutes included refractory degradation organic compounds
like PAHs, RDX, HMX, CL-20, PCBs and alkanes and their relative substances. Various compounds exist in nature with long life
span. They are the most hazardous than other organics. The impact of pollutes can be treated by microorganisms. Result showed that
it is an effective way for bioremediation of these pollutes with microbial metabolism or cometabolism. A few key enzymes, mainly
oxidative and reductive enzymes, connected with the first step of initial degradation. Normally, enzymes grouped with other active
fraction on the cell membrane are composed of one oxidative and reductive system for substrates oxidation. The metabolic
intermediates can be used with TCA by microorganisms. The pathways of metabolism and the key enzymes were summarized. The
further research topics should be focused on microorganism screen and its relative enzyme, pathway and mechanism of metabolism

or cometabolism for such compounds degradation, and the result was hoped for the environmental protection.
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Table 1 Key enzymes of PAHs degradation
Strain Substrate Enzyme Reference
Pseudomonas putida OUS82  Naphthalene, phenanthrene Ferredoxin reductase, cis-dihydrodiol dehydrogenase, 13-15
dioxygenase, isomerase, hydrate-adolase, dehydrogenase
P. aeruginosa PaK1 Naphthalene Ferredoxin reductase, cis-dihydrodiol dehydrogenase, 13-15
dioxygenase, isomerase, hydrate-adolase, dehydrogenase
P. stutzeri AN10 Naphthalene, 2-metthylnaphthalene Saliylate 1-hydroxylase 13-15
Rhodococcus sp. 124 Naphthalene, toluene, indene Cis-dihydrodiol dehydrogenase, putative aldolase 13-15
Nocardidoes sp. KP7 Phenanthrene Dioxygenase, ferredoxin reductase, 13-15
2-carboxybenzaldehyde dehydrogenase
Mycobacterium sp. PYR-1 Anthracene, phenanthrene, Aldehyde dehydrogenase 13-15
fluoranthene, pyrene
Pseudomonas putida strains Naphthalene, salicylate Reductase, cis-naphthalene dihydrodiol dehydrogenase, 13-15
salicyaldehyde dehydrogenase,
1,2-dihydroxynaphthalene oxygenase,
2-hydroxybenzalpyruvate aldolase,
2-hydroxychromene-2-carboxylate isomerase, salicylate
hydroxylase, catechol oxygenase, 2-hydroxymuconic
semialdehyde dehydrogenase, 2-0x0-4-pentenoate
hydratase, 4-hydroxyl-2-oxovalerate aldolase,
acetaldehyde dehydrogenase, 4-oxalocrotonate
decarboxylase, 2-hydroxymuconate tautomerase
ferredoxin reductase, cis-dihydrodiol dehydrogenase,
dioxygenase, isomerase, hydrate-adolase,
dehydrogenase, saliylate 1-hydroxylase
P. putida NCIB9816 Naphthalene Naphthalene-dioxygenase 13-15
P. sp. Strain C18 Naphthalene, dibenzothiophene, Naphthalene-dioxygenase, cis-naphthalene dihydrodiol 13-15
phenanthrene dehydrogenase, salicyaldehyde dehydrogenase,
1,2-dihydroxynaphthalene dioxygenase, isomerase,
hydratase-adolase
P. sp. Strain C18 Naphthalene Ferredoxin reductase, naphthalene cis-dihydrodiol 13-15
dehydrogenase, salicyaldehyde dehydrogenase
Ralstonia sp. U2 Naphthalene Ferredoxin reductase, cis-dihydrodiol dehydrogenase, 13-15
aldehyde dehydrogrnase
Alcaligenes faecalis AFK2 Phenanthrene Ferredoxin reductase, cis-dihydrodiol dehydrogenase, 13-15
dihydroxyphenanthrene dioxygenase, isomer,
hydratase-aldolase, 1-hydroxy-2-naphtholdehyde
dehydrogenase, 1-hydroxy-2-naphthooate
dehydrogenase, trans-2-carboxybenzaldehyde
dehydrogenase, 2-carboxybenzaldehyde dehydrogenase,
glutathione-s-transferase
, PCBs
b
3, Ci-C; Cs-Cis Cyy
3133371 PCBs ,
/‘: N - M N (n ‘:ij ) s ’ H
4 % RIEK(PCBs) X 41 i 6 A2 o #y K
Yee X
ﬁ%EE PCBs

PCBs

Journals.im.ac.cn

209



1875

L RDX
1 le
H ,
: NO, < . e
Pathd | o N NO,-
H ! Pathe ¢
v | !
MDNA+BHNA : MNX N Path g NO;
Il - 1 ‘\ 1
I l ;- Path f L~ ‘L Y i
HCHO#2N,0+H,0 | Pathb ,  \Pathe i
2 2 I " v
i < ! \ NDAB+NH,+HCHO+N,0
! NO, ] A Y
1 4
CH,OH+HCOOH ;' | i . l
+CH,+CO, ! v v . )
: ! HCHO+2N,0 Triamino-RDX | €0,
Sludge M[;N " +CH,OH DNX V| Rrhodocrous 11Y
K.pneumoniae SZC1 | 2e” C.acefobufylicum "i 5{:‘3& OL.O'{‘IC:; f(pl?{T;QZ
C.bifermenfans HAW | \ | Gordonie spKTR9
2H,0+H,0+HCHO TNX MDNA+2NH,"+2HCHO
i
1
1
CO,+CH,OH 1-|(:H0+'C|—[,0|—[ HCHO+2N,0
K.preumoniae SZC1 C. bifermentans HAW1 | Nitrate reductase
Diaphorase Sludge
M.morganii B2
E.cloacao 96-3
B
HMX
le- i . Wers
Path j  Pathi |
¥ INO-HMX
- 2¢
NO, ; MDNA+BHNA Path h /_-
"
i 2NO-HMX
* ‘_/" 2e
NDAB+MDNA+HCHO
N, O+HCHO 3NO. ‘I IMX
X0 Abioti i
| £
N,O+HCOOH+NH,* 2N,O+HCHO €0 ANOHMX
l Sludge l-/‘ 26
HCOOH Y
Xanthine oxidase (XO) - .
. bifermenfans HAW 1 cnlcr(;oh?ctcna
4] " i
P. chrysosporium Sludge

OH NO,
c Sy N
H oy —ND, -
1 le

N—xo, /r
) NO,"
2(e/H") : le”
Path m /r Path k
. . NO,
R WS NO: g NO,  NO: o
S N0 | /o | I [
. N:[j:k> N B 7>
b Ne—no. 4 or :I:
- f N < A N <\n1 N
o | : |
NO, NO:; 1 NO;
Il ¥ LI}
i
1
¥
HCOOH+OHC-CHO+N,O+NO,~ HCOOH+OHC-CHO+N,O
Dehydrogenase Dehydrogenase Salicylate monooxygenase
Diaphorase Clostridium sp. EDB2 Nitroreductase
Clostridium sp. EDB2 Dehydrogenase
Manganese peroxidase

B 2 RDX(A). HMX(B)#1 CL-20(C)&91% 5% 2P0
Fig. 2 Proposed biodegradation pathways of RDX(A), HMX(B), and CL-20(C)[2O].

Journals.im.ac.cn



1876 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

December 25, 2009 Vol.25 No.12

£ 2 P& RDX. HMX F0 CL-20 #9585
Table 2 Key enzymes of RDX, HMX and CL-20 transformation

Strains Substrates Enzymes References
Aspergillus niger RDX Nitrate oxidoreductase 21
C. kluyveri HMX Xanthine oxidase 22
Pseudomonas sp. strain FA1 CL-20 Nitroreductase 23
Pseudomonas sp. strain CL-20 Monooxygenase 24
ATCC 29352
Clostridium sp. EDB2 CL-20 Dehydrogenase 25
N RDX Manganese 26
Rhodococcus strain DN22 RDX Cytochrome p-450 27
Morganella morganii B2 TNT Nitroreductase 28
Enterobacter cloacae PB2 TNT Penterythritol tetranitrate reductase 29
N: no determination
NAD(P)H+H* Rc*fl1 ni fdx red _'()xy 0X R-OH+H,0
o AN e, N g
gy ey £©: & w2
Wy | o
B ) “‘f}; . - #/‘ _ J:\",,%%
e\ a e N
5 AL
NAD(P)* Red red fdx ox Oxy red R-H+O,
3 KRR MR LR B RO BT R 0
Fig. 3 Way of alkane hydroxylase system and its electron transfer system!>,
*3 REREEYRBEUXEEE
Table 3 Key enzymes of the oxidation of alkanes
Strains Substrates Enzymes References
Methylococcus, Methylosinus, C,-Cg(halogenated)-alkanes, alkanes, Soluble methane 33
Methylocystis, Methylomonas, cycloalkanes monooxygenase
Methylocella
Methylococcus, Methylosinus, C,-Cs(halogenated)-alkanes, alkanes Particlate methane 33
Methylocystis, Methylomonas, monooxygenase
Methylobacter
Acinetobacter, Alcanivorax, Cs-Cjg alkanes, fatty acids, alkylbenzenes, AlkB-related alkane 34
Burkholderia, Mycobacterium, cycloalkanes hydroxylases
Pseudomonas, Rhodococcus
Candida maltosa, Candida tropicalis, Cy-C¢ alkanes, fatty acids Eukaryotic P450 35
Yarrowia lipolytica
Acinetobacter, Alcaniverorax, Cs-Cyg alkanes, cycloalkanes Bacterial P450 oxygenase 36
Caulobacter, Mycobacterium system
Rhodococcus, Sphingomonas, Cy0-Csp alkanes, alkylbenzenes Dioxygenase 37
Acinetobacter sp. M1
38
, B¥] (4
b
PCBs s biphenyl-2,3-dioxygenase 4 PCBs
PCBs, s
[39-63]
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Table 4 Key enzymes of degradation of PCBs
Strain Substrate Enzyme Reference
Burkholderia sp. LB 400, Bip5Shynel Oxygenase, oxidoreductase, biphenyldihydrodiol dehydrogenase, 39-40
2,3-dihydroxybiphenyl 1,2-dioxygenase, glutathione transferase,
2-hydroxypenta-2,4-dienoate hydratase, acetaldehyde
dehydrogenase, 4-hydroxy-2-oxovalerate aldolase
Pseudomonas putida KF715 Biphynel Oxygenase, oxidoreductase, biphenyldihydrodiol dehydrogenase, 41-42
2,3-dihydroxybiphenyl 1,2-dioxygenase
Rhodococcus sp. strain M5 Biphynel Oxygenase, oxidoreductase, biphenyldihydrodiol dehydrogenase, 43-44
2,3-dihydroxybiphenyl 1,2-dioxygenase
Rhodococcus sp. strain RHA1 Biphynel Oxygenase, oxidoreductase, biphenyldihydrodiol dehydrogenase, 45-46
2,3-dihydroxybiphenyl 1,2-dioxygenase
Achromobacter Biphynel Oxygenase, oxidoreductase, biphenyldihydrodiol dehydrogenase, 47-49
georgiopolitanum KKS102 2,3-dihydroxybiphenyl 1,2-dioxygenase, glutathione transferase,
2-hydroxypenta-2,4-dienoate hydratase, acetaldehyde
dehydrogenase, 4-hydroxy-2-oxovalerate aldolase
Sphingobium yanoikyae B1, Biphynel Oxygenase, oxidoreductase, didrodiol dehydrogenase, glutathione 50-53
Novosphingobium transferase, 2-hydroxypenta-2,4-dienoate hydratase, acetaldehyde
aromaticvorans F1999 dehydrogenase, extrediol dioxygenase, 4-hydroxy-2-oxovalerate
aldolase, HOPODA/hydroxymuconic somialdehyde hydrolase,
xylene monooxygenase
Pseudomonas putida AC858, Chlorrocatechol ~ Dienelactone hydrolase, phenol hydroxylase, chlorolcatechol 1,2 54-58
Pseudomonas aeruginosa JB2, dioxygenase, maleylacetate reductase, chloromuconate
Pseudomonas sp. P51, P. cycloisomerase
chlororaphis RW71, Wautersia
eutropha NH9
Burkholderia sp. NK8 Chlorrocatechol ~ Dienelactone hydrolase, chlorolcatechol 1,2 dioxygenase, 59
maleylacetate reductase, chloromuconate cycloisomerase
Wautersia eutropha JMP134 Chlorrocatechol ~ Dienelactone hydrolase, phenol hydroxylase, chlorolcatechol 1,2 60
dioxygenase, maleylacetate reductase, 2,4-D a—ketoglutarate
dioxygenase, chloromuconate cycloisomerase
Delftia acidovorans P4a Chlorrocatechol ~ Dienelactone hydrolase, phenol hydroxylase, chlorolcatechol 1,2 61-62
dioxygenase, maleylacetate reductase, 2,4-D o—ketoglutarate
dioxygenase, chloromuconate cycloisomerase
Rhodococcus opacus 1CP Chlorrocatechol ~ Dienelactone hydrolase, chlorolcatechol 1,2 dioxygenase, 63

chloromuconate cycloisomerase, chloromuconolactone
dehalogenase
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Table 5 Key enzymes of degradation of TCE with different growth substrates

Strain Growth substrate Enzyme Reference
Rhodococcus corallinus B-276 Propylene Alkane monooxygenase 64
Xanthobacter Py2 Propylene Alkane monooxygenase 65
Nitrosomonas europaca Ammonia Ammonia monooxygenase 66
Ralstonia eutropha JMP 134 Phenol + Phenol hydroxylase 67

2,4-dichlorophenoxyacetate

Mycobacterium vaccae JOB5 Propane Propene monooxygenase 68

Pseudomonas butanavora Butane Butane monooxygenase 73

Methylosinus trichosporium OB3b Methane Particulate methane monooxygenase, 70

soluble methane monooxygenase

Methylomonas methanica 68-1 Methane Soluble methane monooxygenase 71

Pseudomonas putida F1 Toluene Toluene dioxygenase 68

Burkholderia cepacia G4 Toluene Toluene 2-monooxygenase 7

Ralstonia pickettii PKO1 Toluene Toluene 3-monooxygenase 69

Pseudomonas mendocina KR1 Toluene Toluene 4-monooxygenase 69
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